In this paper, we discuss players' engagement in playing Augmented Reality (AR) games. We present four concepts in playing AR games including: 'Player', 'Play', 'Presence', and 'Place'. We discuss each concept based on the individual user scenario using a case study of Pokémon Go. Based on these concepts, we propose an engagement model for players in playing an AR game, followed by research questions formulated by this study. We also highlight safety issues for AR game players such as Pokémon Go in the real-world. Then, we formulate a research question about players' safety in playing this game. In our future work, we will conduct a user study to investigate the usability, user experience, and safety for players to play AR games in both real and virtual worlds.
INTRODUCTION
Augmented Reality (AR) is a technology that combines real and virtual reality, enriching user's interaction experiences with a real-world environment through graphical object overlays. AR uses real-world environments and enhances them by blending with virtual objects (Wetzel et al., 2008) . As a result, users experience the illusion of a combination of real and virtual environments. AR has unique and promising potential to bridge the gap between real-world activities and virtual experiences, allowing users to engage their imagination, and enhance their creativity (Zünd et al., 2015) .
In recent years, AR has been used in many applications including entertainment, education, and the military. AR has become an emerging technology in the game industry, and game companies take advantage of its technical advancements in their game products (Kipper and Rampolla, 2012) . AR has an important potential for the game industry (Molla and Lepetit, 2010) . There are a number of well-received commercial AR games such as Niantic's Ingress, Zombies, Run!, Microsoft HoloLens games, and Nintendo's 3DS games.
Recently, Niantic released an AR-based mobile game called 'Pokémon Go', which has gone viral, attracting more than 20 million users worldwide (Yu, 2016) . To date, Pokémon Go is the biggest mobile game in the United States, being played by 21 million active users daily (Kain, 2016) . AR games have been around for more than a decade, and Pokémon Go has become a global phenomenon (Hoang and Baker, 2016) . The phenomenal success of Pokémon Go has shown the potential of AR technology for the game industry today (Yamazaki and Wagstaff, 2016) .
Since Pokémon Go game was released worldwide, it has received mixed reactions from players. Some players claim that the effects of Pokémon Go on players are positive. For instance, players can have health benefits from the gameplay in terms of physical and cognitive well-being (Texas A&M University, 2016) . It can also improve the social communication among players. The Pokémon Go game has brought opportunities for people to engage with another while human interaction is becoming scarce (The Project for Public Spaces, 2016) . It has the potential to help people with social anxiety and depression (Fernando, 2016) .
However, some people claim that players are likely to get injuries, and encounter accidents while they are playing the Pokémon Go game (Tsukayama, 2016) . There have been some unforeseen physical accidents while playing it. For instance, unless players are aware of their physical environment, they can get injured while they are playing the game (Tuttle, 2016) . The game has the potential to lead players into restricted and harmful areas such as military campuses, construction sites, and private houses.
A player's engagement between the real-world and virtual environments should be balanced in playing the Pokémon Go game so that a player can avoid physical accidents and injuries in the real-world. The literature shows that there is a limited research in the area of players' engagement in AR gameplay in which players need to be engaged in both the real-world and virtual environments. Furthermore, there are a limited number of studies regarding players' safety in playing an AR game in which they need to physical move around in the real-world while playing it. Therefore, in this study, we are interested in exploring aspects of AR gameplay using the Pokémon Go game as an example, highlighting players' Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions fromengagement between the real-world and virtual environments as well as players' safety in the real-world environments.
To understand players' engagement in an AR gameplay, we created four user scenarios: 'Player', 'Play', 'Presence', and 'Place' using a case study of Pokémon Go game. Each scenario highlights how a player plays and engages in both the real-world and virtual environments while he or she is playing the Pokémon Go game. Based on these user scenarios, we propose an engagement model for players in playing an AR game. Then, we formulate research questions about players' engagement and safety in playing the Pokémon Go game. The main objectives of this study are:
• To understand players' engagement in both the real and virtual environments of the Pokémon Go game, • To highlight the importance of players' safety in playing this game, and • To formulate research questions about players' engagement and safety to play this game.
BACKGROUND
Pokémon Go is a location-based AR mobile game that encourages players to play and travel simultaneously between real-world and virtual environments (Pokémon Go, 2016) . It uses real-world locations for players to navigate and explore in order to play the game. In this game, players go outdoors to search the virtual characters called 'Pokémon'. Game levels increase as a player succeeds in capturing more characters. The players need to go around as many places as possible to capture more virtual monsters and earn more game points.
Unlike conventional mobile games, player's physical movement is largely involved in Pokémon Go's gameplay. Players need to use real-world locations displayed by the game to search information about the locations of Pokémon. For instance, there is a higher chance for players to find Pokémon at locations such as parks, historical monuments, and other landmarks. In addition, players need to look for PokéStops and Gyms in the real-world to collect more game points. Therefore, in this game, players always pay attention to not only virtual gameplay but also physical movement in the real-world. The player's gameplay in the real-world is as important as virtual gameplay in the Pokémon Go game.
Although Pokémon Go encourages players to wander around the real-world environment, it is always important for them to pay attention to their surroundings to avoid unexpected accidents while playing it (Pokémon Go, 2016) . For instance, players should avoid playing this game while driving. Players should balance their engagement between the real and virtual worlds. In the gameplay, if players place a higher focus on virtual gameplay, they may encounter physical accidents or injuries in real-world. On the other hand, if players pay greater attention to the real-world, they may miss out opportunities in the game. Therefore, the synchronization of player's engagement between virtual gameplay and physical movement is important. Figure 1 shows a screenshot of the Pokémon Go game. 
RELATED STUDIES
In this section, we review related studies about AR-based games. The AR technology was employed on mobile devices to enhance real-world creative activities, support education, and open new interaction possibilities for users (Zünd et al., 2015) . The researchers designed and developed an AR-based game called 'City-Wide gaming', which encourages players to play and explore the city by solving puzzles related to historical sites and famous locations (Zünd et al., 2015) . This game enabled developers to be more creative in developing AR games. Furthermore, it provides students with a playful AR game tool to explore the city in the real-world.
An AR outdoor game called 'TimeWrap' was designed and developed by a research group in Germany, and it was played in the city of Cologne, Germany (Wetzel et al., 2008) . In this game, a player is equipped with an AR system including a head-mounted display (HMD), a laptop, a GPS sensor, and a PDA with an interactive map to provide the player with information about current locations and game status. This game also encourages players to play and explore in real-world.
In commercial games, the Pokémon Go precursor 'Ingress' is a popular mobile-based AR game, with 7 million players worldwide in 2015 (Sam, 2015) . It is a location-based AR game in which players are encouraged to go outdoors and explore the real-world to play the game. This game is also considered as a location-based exergame in which players' physical movement is largely involved (Ma et al., 2014) . There are other commercial games that use the fusion of real-world environment and virtual objects. For instance, the 'Real Strike' military based game is a first-person shooting game that combines real-life surroundings with 3D animation. 'Zombies Run' is an another example of a mobile-based AR game that targets players who want a fun way of jogging or running around to maintain their fitness while they are playing.
RESEARCH GAPS
Although there are a number of similar games like 'Pokémon Go' in the market, the study about player's engagement between virtual and real-world environments is very limited. Furthermore, there is a very limited study about player's physical safety in playing such mobilebased AR games in which players' physical movement in the real-world is heavily involved. Therefore, in this study, we would like to investigate player's engagement in the real-world and virtual environments while they are playing an AR game. Furthermore, we would like to investigate players' safety while they are playing the game in the real-world.
APPROACH
In this study, we discuss four concepts: 'Player', 'Play', 'Presence', and 'Place' in the Pokémon Go game to understand how a player plays and engages in this game physically and virtually. Based on structured observations of 6 people playing Pokémon Go for 3 days, we created a persona and user scenarios for each concept. We observed 4 male and 2 female players, aged between 22 and 32. 'Persona' is defined as "A model of a user that focuses on the individual's goals when using an artefact" (Blomkvist, 2002, p.1) . Scenarios specify how users carry out their tasks in a specified context (UsabilityNet, 2016).
Our persona "Kim" acts as a player in the user scenarios (See Table 1 ). Based on these user scenarios, we propose an engagement model for a player in playing an AR game. Next, based on the engagement model, we formulated questions that will be addressed in a future study by conducting a user study to investigate the game's usability and user's experiences, and safety. 
PLAYER
'Player' is defined as someone who will "interact with the system of a game in order to experience the play of the game" (Tekinbaş and Zimmerman, 2003, p. 80) . We outline a user scenario for 'Player' in Pokémon Go game:
User Scenario -Player
"Kim downloaded the Pokémon Go game. He registered it and created a virtual player. He read the game instructions about how to play it. Unlike other games, this game encourages him to go outdoors and hunt the virtual monsters called 'Pokémon'. He goes outdoors and starts playing in his neighbourhood. Once he starts walking, his virtual player in the game is also moving based on the location displayed by the game. He is focusing on the game to search the hints of the locations of Pokémon. In the real-world, he is also paying attention to the physical environment to navigate according to the location suggested by the game".
A 'Player' in Pokémon Go game refers to both real-world and virtual players. Like other games, a virtual player in the game represents a real-world player. This virtual player moves around according to the real-world player's physical movements. For instance, a virtual player walks in the game based on the locations where the real-world player is moving in a real-world environment.
In this game, the synchronization between real and virtual players is important to accomplish game tasks such as searching the locations of Pokémon, PokéStop, and Gym. For instance, the game displays the location of Pokémon closer to the virtual player. The player in the real-world needs to explore his or her surroundings to experience real-world locations where the game hints at the existence of Pokémon. Based on this concept, we state that 'Player' in the Pokémon Go game is a person's physical and virtual participation in both real and virtual worlds.
PLAY
'Play' is defined as "a participatory form of entertainment where people make choices that affect the course of events. Choices in play are constrained by the rules, and this requires player to be clever, imaginative, or skillful in the play" (Adams 2015, p.3) . We outline a user scenario for 'Play' in Pokémon Go: The concept of 'Play' in Pokémon Go refers to both realworld and virtual gameplay by players. Unlike conventional digital games, a player's physical play is important in Pokémon Go as players need to travel and explore in the real-world to discover Pokémon. Simultaneously, players need to engage in virtual gameplay to find the locations of Pokémon. The synchronization of play between the real-world and virtual environments is a key factor. While players are playing the game, they are mobile in the real-world. If a player stops being mobile in the real-world, they will not achieve game tasks to reach higher levels. Based on this concept, we state that 'Play' in the Pokémon Go game is player's gameplay in both real and virtual worlds.
PRESENCE
'Presence' refers to a sense of 'being there' in a virtual environment (Tamborini and Skalski, 2006) . 'Presence' refers to a type of user's flow experience that occurs during teleoperations (Draper et al., 1998) . We outline a user scenario for 'Presence' in Pokémon Go: 'Presence' in Pokémon Go refers to player's a sense of 'being there' in both the real and virtual worlds. Unlike traditional digital games, in Pokémon Go, player presence is important in both real and virtual worlds because of the need to engage in the virtual world to play the game while physically searching for the locations of Pokémon in the real-world. When a player turns on AR mode in the game, the real-world environment is displayed overlaid with digital objects (e.g. Pokémon monster). While AR mode is on, the player has a sense of 'being there' in both the virtual and real worlds. The synchronization of the player's presence in both the real and virtual environment is important in Pokémon Go. Based on this concept, we state 'Presence' is a player's a sense of 'being there' in both real and virtual worlds while playing the game.
PLACE
'Place' is defined as a socially or geophysically defined location (Champion, 2010, p. 27) . In a virtual environment, 'Place' means where a player has the feeling of being surrounded by a type or a kind of location in the virtual world (Champion, 2007, p. 27 ). We outline a user scenario for 'Place' in Pokémon Go: 'Place' in Pokémon Go refers to the locations in both real and virtual worlds. In most traditional games, players do not need to be mobile to play the game. However, in Pokémon Go, it is necessary for players to be mobile in both real and virtual worlds. When the game displays a particular location of a Pokémon, a player needs to physically go to this location in the real-world. If a player catches a Pokémon at a particular place, they need to be mobile to other places to search for more Pokémons. Therefore, in Pokémon Go, places in both real-world and virtual environments are always related and synchronized. Based on this concept, we state that 'Place' in Pokémon Go is a location where a player has a sense of 'being there' or presence in both real and virtual worlds.
ENGAGEMENT MODEL
Based on the user scenarios for 'Player', 'Play', 'Presence', and 'Place', we propose an engagement model for players in playing an AR game. Engagement is the degree of activity or attention someone gives to a person or object over a period of time (Martey et al., 2014) . Game engagement refers to how players experience a game (Jabar and Felicia, 2015, p.741; Ravaja et al., 2005) , how they can connect emotionally and mentally to a game's features, and how they play a game to succeed their goals in the game (Csikszentmihalyi, 2008; van Reekum et al., 2004) .
In this engagement model, we propose that a player's engagement in both real and virtual worlds is vital in playing AR games like Pokémon Go. While a player is playing the game in the virtual world, they need to engage in the real-world to achieve game tasks. The synchronization of player's engagement between real and virtual worlds is important in the gameplay. Figure 2 shows an engagement model for players in an AR gameplay. Based on the engagement model, we formulate the following research questions.
• What is a player's engagement in the real-world in playing the Pokémon Go game? • What is a player's engagement in the virtual world in playing the Pokémon Go game? • Is there a correlation between a player's engagement in real-world and virtual environments?
PLAYER'S SAFETY
As a Pokémon Go player wanders the real-world keeping his or her eye on the mobile screen, it can lead to incidents including minor and major cases such as accidents and crimes (Tortermvasana, 2016) . The author also cautions that this game can bring people to places where they normally avoid, putting their safety at risk. The local authorities of many countries advise players to play safely including personal and road safety, being aware of restricted and dangerous areas, and privacy breach. Based on these statements, in this study, we formulate the following research question regarding player's safety in playing the Pokémon Go game in realworld.
• Is Pokémon Go safe for players to play in the realworld environment?
CONCLUSION AND FUTURE WORK
In this study, we discuss the concepts of 'Player', 'Play', 'Presence', and 'Place' in Pokémon Go. We create a user scenario for each concept. Based on these concepts, we propose an engagement model for players in playing an AR game. Then, we formulate research questions about player's engagement in both real and virtual worlds while playing Pokémon Go. We also highlight the potential of safety issues in playing this game and formulate a research question concerning players' safety in the Pokémon Go gameplay. In our future work, we will conduct a user study about usability, user experience, and user's safety in playing Pokémon Go. We will conduct a focus group with Pokémon Go players to find out their good and bad experiences, and safety in playing it. The engagement model in this study can provide insights for researchers into designing AR games in the future.
